Objective.-To evaluate factors associated naturalistically with adherence to a mobile headache diary. Background.-Self-monitoring (keeping a headache diary) is commonly used in headache to enhance diagnostic accuracy and evaluate the effectiveness of headache therapies. Mobile applications are increasingly used to facilitate keeping a headache diary. Little is known about the factors associated with adherence to mobile headache diaries.
INTRODUCTION
Self-monitoring is commonly used to monitor health behaviors and disease activity. A Pew Research study of adults living in the United States found that 69% reported tracking a health indicator, and that those with chronic diseases were more likely to track. 1 When used consistently in people with chronic diseases, self-monitoring has been associated with reductions in disease severity and disease-related disability. [2] [3] [4] [5] [6] Unfortunately, adherence to self-monitoring is generally inadequate across disease states. Further, willingness to self-monitor differs between chronic diseases, and adherence is markedly low in headache patients compared to other patient populations. 7 Self-monitoring, or keeping a "headache diary," is common in headache disorder research and practice. 8 Clinical trials designed to evaluate the efficacy of preventive migraine therapies rely on headache diary metrics to assess primary and secondary outcomes. Failure to adhere to a headache diary in the context of clinical trials interferes with obtaining accurate estimates of efficacy and could hamper scientific understanding of the efficacy of preventive agents. For example, a recent trial of amitriptyline in adolescents with migraine found that adherence to amitriptyline was 90% when only considering completed headache diary days, but 79% when considering missing diary days as skipped doses. 9 This example highlights the significant problem missing diary days can present in analyzing and interpreting clinical trials for preventive migraine agents.
In clinical practice, many neurologists recommend patients keep a headache diary to enhance diagnostic accuracy and evaluate the effectiveness of headache therapies. Some patients with headache disorders may continue to self-monitor headache activity, other symptoms, exposures, or behaviors in order to identify personality factors related to headache onset, warning signs, or to track adherence to headache management strategies. In these naturalistic clinical settings, missing diary days can interfere with clinician and patient interpretation of the results of headache self-monitoring, potentially leading to inaccurate diagnosis, misunderstanding of the clinical efficacy of a new treatment regimen, and erroneous patient beliefs regarding factors related to their headaches.
Despite the importance of adherence to keeping a headache diary for both research and clinical applications, very few studies have explicitly evaluated adherence to headache diaries. Available data suggest adherence to headache diaries is mixed. Overall estimates of adherence to paper diaries range from 83 to 95%, and around 90% for outpatient electronic monitoring; the majority of studies had relatively small sample sizes and included either patients from a single practice or from a randomized clinical trial. 10 Recent advances in technology and the subsequent cultural ubiquity of smartphones have changed the ease with which self-monitoring can be integrated into a patient's life, and provided new avenues to evaluate and promote adherence to self-monitoring. In the extant adherence to headache diary literature, adherence to electronic diaries tends to be somewhat higher than adherence to paper diaries. 10 Further, electronic diaries provide a more reliable estimate of headache activity compared to paper diaries because of a closer proximity between the act of recording and the timeframe being assessed. 11 It should be noted that the majority of research evaluating adherence to headache diaries has occurred in the context of randomized clinical trials. Naturalistic studies analyzing adherence to headache diaries in pain conditions yield significantly lower rates. For example, a recent study evaluating a 5-question daily pain self-monitoring app in 90 chronic pain patients found that, on average, participants completed 38.8% of daily assessments, and approximately one-quarter of the participants (26.7%) recorded 90 daily assessments in a 3-month period. 12 Little is known about adherence to mobile headache diaries in a naturalistic context, using the patient's own electronic device, rather than in the context of a larger study where the devices were provided and adherence closely monitored by study staff. This is particularly important as headache diaries increasingly move to personal electronic devices in both research and clinical contexts. Understanding rates of adherence to headache diary in a naturalistic context allows us to understand the reliability of electronic headache diaries; understanding predictors of adherence to headache diary self-monitoring is the first step to improving the quality of evidence used across the field in both research and clinical contexts. Evidence suggests that certain subgroups may be at higher risk for nonadherence to headache diaries; identification of subgroups at risk for nonadherence can provide guidance for tailoring interventions to improve adherence in research, clinical practice, or in the headache diary applications themselves. A clinical study evaluating completion of paper headache diaries mailed to patients prior to their first visit in a headache center found that 93% returned diaries that were sufficiently completed to facilitate an accurate diagnosis. 13 Interim analysis of an ongoing randomized clinical trial evaluating a behavioral migraine treatment found similar average adherence to electronic headache diaries as identified in previous trials (13% for 2 months of monitoring, 20% for 4 months of monitoring), but also found that a small number of participants (7 out of 38) accounted for a disproportionate amount of missing days. 14 In the chronic pain literature, higher complexity of pain problems and taking more medication were associated with higher rates of adherence to a self-monitoring app 15 ; however, little is known about the characteristics of people with headache that may be associated with adherence to electronic headache diaries. Understanding factors associated with adherence to electronic headache diaries can help identify subgroups of patients less likely to adhere, and aid in intervention development to improve adherence, to electronic headache diaries.
Anxiety is a psychiatric symptom characterized by worry and heightened arousal common in headache disorders. [16] [17] [18] Evidence regarding the role of anxiety in adherence to medication and appointment-keeping is mixed. The majority of studies suggesting anxiety is associated with poorer adherence, while a few have found that anxiety is a protective factor for adherence. [19] [20] [21] [22] This is consistent with a well-established phenomenon known as the YerkesDodson Law, which predicts that performance will increase with physiological or mental arousal until a certain optimal point after which additional arousal results in decreased performance. 23 When applied to the context of adherence to a headache diary, the Yerkes-Dodson Law would suggest that both very low and very high levels of anxiety may be associated with poorer adherence to headache self-monitoring, the first because the patient is not concerned enough about headache to self-monitor, and the second because the patient is so overwhelmed with worry about headache that they may not want to engage in self-monitoring. Thus, existing theory and empirical literature in other diseases support evaluating different levels of anxiety and their relationships with adherence to headache self-monitoring. The current study aims to describe user adherence to a smartphone-based headache diary, and to evaluate the relationships between level of anxiety and adherence to the electronic headache diary between individuals. The mobile health platform used in this study, Curelator Headache® (Cambridge, MA, USA), involves users tracking headache symptomatology and exposure to more than 70 emotional, dietary, and environmental factors, including anxiety level (0-10), for at least 90 days. There are 3 types of accounts: coupon, paid, and free (Fig. 1) . The set of users with paid and coupon account types are incentivized to enter data for 90 days because only after 90 days of data entry do they receive a series of maps 24 showing their individualized factors associated with (1) increased risk of headache attack occurrence, (2) decreased risk of headache attack occurrence, and (3) factors not associated with headache attack occurrence.
We aimed to describe adherence to the electronic headache diary in several ways:
1. Proportion of consented participants who completed 90 diary days (completion). 2. Number of complete days of data at the 90th diary day (adherence rate). 3. Extra days needed to reach 90 complete days of diary data (completion delay). We aimed to evaluate anxiety level between individuals in relation to the adherence outcomes described above.
METHODS
Study Design.-This is a naturalistic longitudinal cohort study using data from a commercial electronic headache diary (Curelator Headache®, now called N1-Headache®) to evaluate adherence to electronic headache diary over 90 days in people with headache.
Participants.-Potential participants registered to use Curelator Headache® (1) directly through a physician "coupon referral" program, (2) via the Curelator website, or (3) the App Store (iOS users only) (Fig. 1) . Inclusion criteria were (1) registered for the Curelator Headache® diary from October 2014 to October 2016, as a 2-year time frame allowed for the app to be on the market long enough to collect users who registered for the paid version of the app as well as the free and coupon referral versions; (2) completion of at least 4 diary days, as we were interested in adherence to the electronic headache diary among people who had made at least a minimal commitment to keeping the diary; (3) if an active user (eg, has used the app within the past 30 days), the participant must have reached the 90th diary day, which is necessary to allow for classification of the primary outcome variable (being classified as a "completer" or "non-completer," as described below); (4) reported age and gender, as these descriptive statistics are foundational to the analyses; (5) reported a date of birth corresponding with an age of 18 or older, as factors associated with adherence to keeping an electronic headache diary in children likely differs from factors associated with adherence in adults. The app is only available in English, thus its users are mainly native English speakers. At download and registration, users explicitly gave consent for use of anonymized collected data for research purposes.
Procedures.-Patients learn about Curelator through (1) direct internet channels (eg, app store, search, social media), (2) patient associations or support groups, or (3) medical providers. One hundred and ten providers participated in the coupon referral program described above, and these providers had 550 patients enrolled in the app. Approximately 59% of patients who were given a coupon at these practices registered for the app.
After the registration process in the app, participants completed the on-boarding process by completing baseline questionnaires used to customize the daily diary (such as identifying whether participants smoked, consumed alcohol, or experienced menstrual bleeding) and to establish a clinical baseline for their headaches (type of headache, diagnosis, frequency, severity, and MIDAS disability) and medication (both headache-related and other). Participants then completed the electronic headache diary daily for up to 90 days. Daily diary questions included headache symptoms (18 questions) and exposure to 81 putative migraine risk factors ( Fig. 1 ; Supplemental Table 1 ). Putative risk factors included emotions, sleep qualities, environmental and weather, lifestyle, diet, substance use, travel, and up to 3 personalized triggers selected by each participant. Participants had the option to set an alert to remind them to fill out the headache diary each day. Each diary entry took participants approximately 2-3 minutes to complete. For participants who completed 90 days of diary (consecutively or nonconsecutively), factors associated with N = 1 attack onset were determined, and participants received maps visualizing these relationships.
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Measures.-Participant Characteristics.-At registration, participants select either "Female," "Male," or "Other" to signify gender. Participants report date of birth at registration; age for each participant on October 1st, 2016 is then estimated from the reported date of birth. Account type (free, paid, or coupon) was indicated automatically during account registration.
In the baseline questionnaire, participants indicated the type(s) of headache from which they believe they suffer: migraine, tension-type headache, cluster headache and/or other. If migraine was selected above, participants were asked whether they had a physician diagnosis of migraine. Participants completed the Migraine Disability Assessment (MIDAS), a 5-item questionnaire designed to assess migraine-related disability. 25 The MIDAS has demonstrated good internal consistency (α = 0.76) and criterion validity with daily diary-assessed disability (r = 0.63).
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Adherence to Self-Monitoring.- Table 1 summarizes the adherence to electronic headache diary outcomes considered in this paper. Participants entering any amount of diary data on 90 separate days were defined as "completers"; participants who did not enter diary data on 90 separate days were "non-completers." Adherence rate was defined as the proportion diary days fully completed 90 days after registration. For completers, completion delay was defined as the number of days extra days needed to reach 90 diary days entered (ie, number of days in the study -90, when 90 diary days was reached).
Anxiety.-Anxiety was assessed daily using the following item: "How nervous/anxious/worried have you felt today?" Response options were coded on an 11-point Likert scale ranging from 0 (not at all) to 10 (a lot). For each participant, the percentage of days (up to 90 complete days of data entry) on which a participant endorsed each anxiety score was computed, resulting in 11 anxiety variables (Anxiety 0, Anxiety 1, Anxiety 2, etc). For example, the variable "Anxiety 3" indicates the percentage of days on which the participant endorsed a score of "3" on the 0-10 anxiety scale. This method of analyzing the daylevel anxiety variable allowed us to analyze multiple diary day ratings of anxiety with a minimal loss of range in the assessment of anxiety. Sensitivity analyses for the primary outcome (completion) aggregated this variable in two ways (1) proportion of mild (1-3), moderate (4-6), and severe (7-10) anxiety ratings; and (2) mean anxiety rating.
Statistical Methods.-The Einstein IRB approved the analyses reported in this manuscript (2017-8530). All study variables were described. 3 different analyses assessed the relationship between anxiety and each of the 3 adherence outcomes. Complete data were required for each analysis, therefore cases missing data were removed from each analysis. Collinearity was assessed using the variance inflation factor .00], resulting into an ordered categorical variable. As above, the full model was estimated and improved stepwise aiming to minimize the AIC. Likelihood ratio tests were used to evaluate the significance of each variable in the model. The presence of scale (or dispersion) effects was evaluated; scale effects account for the variability of adherence rate considered as a continuous variable. Significant scale effects were included in the final model.
Completion delay exhibited over-dispersion as well a high number of zero observations; ultimately, the hurdle negative binomial (HNB) model was selected. The HNB has 2 components; 1-component models zeros vs larger counts (binomial) and the other models positive counts (negative binomial). As above, the full model was estimated and improved stepwise aiming to minimize the AIC. A likelihood ratio test evaluated whether the hurdle component was needed, and whether anxiety variables were significant.
All analyses were performed using R version 3.4.1 (2017-06-30). 27 All tests were 2-tailed with α set at .05.
RESULTS
Four thousand two hundred and seven participants registered to use Curelator Headache® between October 2014 and October 2016 (Fig. 2) . Users who were still actively monitoring headache diary days during the first 90 days period (n = 478) were not able to be classified as adherent or nonadherent on any outcome in this study, and were therefore excluded. Participants who downloaded the app and registered, but completed 3 or fewer complete days of data, were removed from the study sample (1861). Participants who were removed show low variability in anxiety scores: 70% recorded the same anxiety score each day. There were significantly more men in the group with 3 or fewer complete days in the removed sample (14.9%) compared to the retained sample (12.1%), P = .013. People in the group with 3 or fewer complete days were also slightly younger (M age = 28.2) than the retained sample (M age = 33.7), P < .001. Proportion of people removed from the analysis differed by account type (P < .001); the paid group had the highest proportion of people retained for analysis (93.9% vs 6.1%), followed by the coupon group (81.5% vs 18.5%); fewer than half people in the free group were retained for analysis (41.3% vs 58.7%), all Ps < .001.
Selected statistical models need complete data, thus participants without age information were removed from the dataset. Age was not reported in 172 of the 1868 participants with >3 tracked days. Gender was not related to reporting age, P = .09. Proportion of people who reported age information differed by account type (P < .001). Age was reported by the vast majority of people in both the coupon (99.1%) and paid groups (96.9%), which did not differ from each other, P = .340. Age was reported by a smaller proportion of people in the free group (88.4%) compared to both the coupon (P < .001) and paid groups (P = .004). Finally, data for the 135 participants younger than 18 years of age were removed.
Therefore, of the 4207 participants, 40.3% met criteria for these analyses, resulting in a final sample of 1561 (Fig. 2) . The majority of participants were female (88.1%) and recruited through free account (74.2%), with 17.9% from coupon referral and 7.9% from paid account. Participant age ranged from 18 to 80 years old (M = 39.0, SD = 13.2). More than half of participants reported full-time employment (59.3%) and 10.1% were students. On average, participants completed 43.9 (SD = 35.6) of 90 diary days (Table 2 ). About half of these participants were from the United States and England, and the rest from Canada, Australia, and other countries.
Ninety percent of participants reported migraine as their most common headache type, and the majority (79.8%) reported a physician diagnosis of migraine. At baseline, participants retrospectively reported an Regarding daily ratings of anxiety, the most commonly used scores were at the lower end of the 0-10 scale (78.8% of participants reported a 2, and 76.4% reported a 3, at least once), whereas the least commonly used scores were at the upper end of the scale (87.6% of participant never reported a 10; 75.1% never reported a 9; and approximately half never reported an 8 [53.8%] or a 7 [49.4%]). Completion.-Of the 1561 participants, 505 completed 90 days of self-monitoring (32.4%).
The final logistic regression model for completion included age, account type, and the percentage of anxiety scores 3, 5, 8, and 10 ( Table 3 ). The McFadden R 2 statistic of the model is low (0.10), indicating the model was only slightly better than the null model; however, the likelihood ratio tests comparing the model with and without the anxiety variables indicate that the model with anxiety has a better fit, P < .001. Adjusting for age and account type, a higher percentage of anxiety 8 and 10 were significantly associated with lower odds of completion (P = .004 and.049). Adjusting for other variables in the model, higher age was associated with higher odds of completion (OR = 1.04, P < .001). Adjusting for other variables in the model, coupon (coupon vs free OR = 1.75, P < .001) and paid account types (paid vs free OR = 4.27, P < .001) were associated with higher odds of completion than the free account type; the paid account type (paid vs coupon OR = 2.43, P < .001) was associated with higher odds of completion than the coupon account type.
The proportion of completers was similar in the training (32.4%) and test sets (31.7%). In the test set (n = 312), model sensitivity was 90% and specificity 25.7%. The model had an accuracy of 69.2% (95% CI = 63.8-74.3), and an area under the curve of 0.73. The model was not significantly better at predicting completion than simply predicting the most common class (one-sided test, P = .295).
Sensitivity analyses evaluating anxiety as 3 aggregated variables (mild = 1-3; moderate = 4-6; severe = 7-10) and as a single variable representing the average of all anxiety ratings made by each participant found similar results to those described above. Both models retained age and account type as significantly related to completion. In the model evaluating 3 aggregated anxiety variables, only the severe variable was significantly associated with completion, such that a greater proportion of "high" anxiety scores was associated with lower odds of completion (OR = 0.30 [95% CI = −.14-0.60], P = .001). In the model evaluating average anxiety score, higher average anxiety was associated with lower odds of completion (OR = 0.86 [95% CI = 0.81, 0.92], P < .001).
Adherence Rate.-The median adherence rate at 90 days was 0.34 (IQR = 0.10, 0.88); in other words, half of participants tracked 34 or fewer days 90 days after tracking. The natural bimodal distribution of adherence rate was modeled via an ordered logit model after cutting adherence rate into 3 intervals: [0.00,0.25], eg, no days to one-quarter of days of self-monitoring at 90 days, n = 678; [0.25,0.75], eg, onequarter to three-quarters of days of self-monitoring at 90 days, n = 364; and [0.75,1.00], eg, three-quarters to all days of self-monitoring at 90 days, n = 516.
In the final model, age, account type, gender, and percentage of anxiety scores 5, 8, and 10 were associated with adherence rate (Table 4) . A significant scale effect of age (P = .003) was also included in the final model. Adjusting for the other variables in the model, higher percentage of anxiety scores of 5, 8, or 10 were all associated with lower adherence Note. Anxiety scores indicate the percentage of diary days (up to 90 days) on which the participant endorsed a particular score (eg, Anxiety 3 = percentage of diary days on which the participant endorsed a score of "3" on a 0-10 scale).
rate categories (Ps = .010, >.001, and .006). Higher age was associated with higher adherence rate categories (P < .001). Adjusting for other variables in the model, coupon (coupon vs free OR = 4.03, P < .001) and paid account types (paid vs free OR = 9.63, P < .001) were associated with higher adherence rate categories than the free account type; additionally, the paid account type (paid vs coupon OR = 2.39, P = .012) was associated with higher adherence rate categories than coupon. A likelihood ratio test indicated that the model improved with the addition of anxiety variables (P < 0.001).
Completion Delay.-The median completion delay was 6.0 days (IQR = 15.0-2.0). Only 14.3% of participants completed the 90 days of self-monitoring in 90 days; an additional 87.7% completed the 90 days of self-monitoring within 120 days. Completion delay ranged from 0 to 533 days; 1 participant took more than 20 months to complete 90 diary days. The distribution of completion delay is highly right skewed with high levels of dispersion and a high frequency of participants with completion delay = 0 days. Eight outliers (participants taking more than 200 days to finish 90 diary days) and 1 participant who did not report gender were removed from the analysis, resulting in an analysis sample of 496.
In the final model, percentage of anxiety scores of 9 and age were associated with completion delay, and account type was associated with completion delay = 0 (eg, completing 90 days of tracking in 90 days) (Table 5) . Adjusting for other variables in the model, a higher percentage of anxiety 9 scores was associated with higher completion delay (OR = 1.06, P = .012), and higher age associated with lower completion delay, (OR = 0.98, P = .007). Adjusting for other variables in the model, coupon (coupon vs free OR = 0.39, P = .002) and paid account types (paid vs free OR = 0.38, P = .003) were associated with lower odds of having a completion delay above 0 (eg, taking longer than 90 days to complete 90 days of self-monitoring), compared to the free account type.
DISCUSSION
This naturalistic longitudinal cohort study confirmed evidence from clinical observation and research: adhering to electronic headache diaries is a challenge for a significant proportion of people with headache. Of the potential participants who downloaded the app during the study period, almost half (44.2%) completed fewer than 4 diary days. Of the participants who were included in the study sample (who completed at least 4 diary days), only one-third completed 90 diary days. At the 90-day mark, half of participants in the study sample tracked approximately one-third of diary days or fewer. However, among participants who eventually completed 90 diary days, the vast majority (87.7%) completed within 120 days, and half required less than 1 additional week past the 90-day mark to complete 90 diary days. Thus, for a subset of people with headache, adherence to the electronic headache diary was high. The rates of electronic headache diary adherence observed among all the participants in this study were similar to those described in both clinical research 12 and commercial 15 chronic pain self-monitoring apps. The rates of electronic headache diary adherence observed among participants who were "completers" were higher, and more consistent with the rest of the headache literature, which predominantly includes data from clinical trials. These results highlight (1) the wide range of adherence to electronic headache diaries across people with headache and (2) the importance of understanding factors associated with adherence to electronic headache diaries, particularly as these diaries are increasingly used in naturalistic and clinical settings where the patient population is more diverse than the population which participates in clinical trials. Participants who used a provider coupon code completed the headache diary monitoring period at higher rates, and took less time to complete the require days of headache diary entry, than people who received the app for free. This is consistent with previous literature which suggests greater incentives lead to higher adherence. Participants with a provider coupon had several incentives to adherence to the electronic headache diary compared to participants who received the app for free: (1) providers could monitor adherence; (2) providers could receive diary data; and (3) participants could receive maps showing associations between tracked factors and migraine occurrence. 24 This is consistent with research regarding social desirability, which suggests that people want to be perceived as "good patients" by their providers, and may be more likely to adhere to various provider recommendations when providers have direct access to adherence information. 28, 29 Future research should design randomized trials to explicitly evaluate differing types and levels of incentives to identify those most effective at improving adherence to electronic headache diary. Participants in this study who paid for access to the application completed the headache diary monitoring period at higher rates, and took less time to complete the require days of headache diary entry than people who did not pay for access to the application, regardless of whether or not they had a physician code. Thus, adherence differences across Note. Anxiety scores indicate the percentage of diary days (up to 90 days) on which the participant endorsed a particular score (eg, Anxiety 9 = percentage of diary days on which the participant endorsed a score of "9" on a 0-10 scale).
account types were not merely due to incentives. Although these results are inconsistent with the literature which suggests increases in out-of-pocket costs reduce adherence to a variety of health care interventions, 30, 31 they are consistent with social exchange theory, which suggests that increased investment in a treatment would improve adherence. Financial investment could result in greater motivation to adherence to electronic headache diary in people who paid for the app compared to people who received the app for free. 32 Future studies should evaluate the impact of various types and amounts of investments (money, time) on adherence to electronic headache diaries. In this study, frequently endorsing high levels of feeling "nervous/anxious/worried" was associated with poorer adherence to electronic headache diaries across outcomes evaluated. This is consistent with the literature that suggests high levels of anxiety may be a barrier to adherence. People with headache who present with frequent feelings of anxiety may be an at-risk population for nonadherence to electronic headache diaries. In the participants evaluated (age range of 18-80 years old), younger age was associated with poorer adherence to electronic headache diaries across all outcomes evaluated. This is consistent with the broader chronic disease literature (eg, self-monitoring of blood glucose in diabetes 33 ), although it should be noted that headache disorders generally afflict a greater proportion of younger people than the majority of chronic diseases commonly studied. High-quality data obtained from an adherent headache diary are essential for accurate headache disorder diagnosis, treatment planning, and outcome evaluation. If data quality is associated with a patient variable such as anxiety or age, these patient subgroups could be at risk of receiving suboptimal assessment and care. Future studies should evaluate whether clinically significant levels of anxiety are associated with adherence to headache self-monitoring, and methods to improve adherence to headache self-monitoring in these groups. For example, methods to reduce anxiety such as embedded stress management tools could be evaluated to improve adherence to electronic headache diaries. Alternately, methods designed specifically to improve adherence (such as increasing incentives or reducing the burden of diary entries) could target individuals with high anxiety.
LIMITATIONS
This is an observational study and cannot infer causality. This study evaluated participants who downloaded the application and met inclusion criteria. We did not require a physician confirmed headache diagnosis (either confirmed by the physician or self-reported by participant), therefore participants included may not have had a physician-diagnosed headache disorder. However, as headache diary applications become more prevalent, people with problematic headache attacks may use these apps throughout their journey in approaching and receiving healthcare; understanding how people with problematic headache naturalistically use headache diaries is relevant to people working with patients with headache.
This study used a specific electronic headache diary application (Curelator Headache® now called N1-Headache®), which includes specific features that could influence adherence, including incentives like maps describing factors associated with headache attack onset and a user experience that allows for quick diary entries once learned; therefore, results may not generalize to other electronic headache diaries with difference incentives and entry methods. This study evaluated adherence to a very specific set of headache diary goals related to monitoring 90 days, and may not generalize to briefer or lengthier periods of keeping a headache diary, or other self-monitoring goals.
Not all factors evaluated are conducive to randomization (anxiety); however, future studies should consider randomized trial designs to explicitly evaluate the role of incentives and investments in adherence to headache self-monitoring. These studies should also take into account age and anxiety to identify whether certain types of incentives or investments may enhance adherence to self-monitoring more for certain types of people with headache.
This study used a nonclinical question to evaluate daily variation in anxiety. This brief question allowed us to query participants regarding anxiety every day during a headache diary, which would not have been possible with a longer measure of anxiety. However, it is limited in that it has not been validated against clinical measures of anxiety. Certain levels of endorsed anxiety showed different relationships with the variety of adherence to self-monitoring outcomes evaluated. We chose to evaluate proportion of each anxiety score used to retain as much variability in the day-level anxiety variable as possible. These results could also be in part a result of an over-fitted model; however, we mitigated this possibility by using the AIC to select covariates for final model, which penalizes over-fitting, and verification of the primary analysis using a test set did not detect over-fitting. Further, sensitivity analyses with the primary outcome variable of completion told the same story as the main models presented: high levels of anxiety, regardless of how anxiety was aggregated for the purpose of analysis, were associated with lower odds of completion. Future studies should consider using clinical measures of anxiety to evaluate the relationship between the presence or absence of anxiety disorders (such as generalized anxiety disorder and panic disorder) and their relationships with adherence to keeping an electronic headache diary.
This study was specifically interested in the role of anxiety and incentives on adherence to an electronic headache diary because the broader behavioral medicine literature supported these hypotheses, and this study is limited to the variables evaluated. Hypotheses related to headache clinical characteristics (eg, headache days/month) were not evaluated in this study, and could provide important areas for future research.
This study limited itself to evaluating adults, and found that higher age was associated with higher adherence to an electronic headache diary; however, mobile health devices that include self-monitoring are frequently used with children and adolescents. 34 Future studies should evaluate differences in adherence to app-based headache diaries across the children/adolescents and adults, and identify potential mechanisms to improve adherence to headache diaries in the pediatric population. 
